Abstract Eight fungal species were cultivated on the Czapek liquid medium and a good starting extracellular and intracellular exo-inulinase were selected. Extracellular inulinase from Ulocladium atrum was prepared in the presence of 1% inulin source and 0.2% sodium nitrate as the best carbon and nitrogen sources. Incubation for the U. atrum was increased till it reached its maximum (36 U/ml) at the sixth day of incubation at 30°C which was the best temperature for the production of exoinulinase. Effect of all metal ions inhibited inulase production by U. atrum. Exo-inulinase was purified by using ammonium sulfate precipitation, ion exchange chromatography on DEAE-cellulose. Three active inulinase forms INI, INII and INIII were resolved, each for DEAE cellulose. The specific activity of INI was 1915 U/mg protein which represented 2.65-fold purification over the crude extract with 42.8% recovery pooling of INI placed on CM cellulose chromatography and INI was resolved into INIa, INIb and INIc. The specific activity of INIa was 2479.2 U/mg protein which represented 3.43-fold purification over the crude extract with 24.2% recovery.
Introduction
Inulinase (2,1-b-D-fructanohydrolases EC 3.2.1.7) hydrolyzes inulin into pure fructose, being an excellent alternative for the production of fructose syrup [15, 23, 4] . Microbial inulinases are an important class of industrial enzymes which hydrolyze inulin to produce fructose. Hydrolysis causes inulin to liberate mostly fructose and also some glucose. Microbial inulinases are usually inducible and exo-acting enzymes. Fructose is fast emerging as important ingredients in the food and pharmaceutical industry [24] . Inulinases are classified into endo-and exoinulinases, depending on their mode of action. Endo-inulinases (2,1-b-D-fructanfructanohydrolase; EC 3.2.1.7) are specific for inulin and hydrolyze it by breaking bonds between fructose units that are located away from the ends of the polymer network, to produce oligosaccharides. Exo-inulinases (b-D-fructohydrolase; EC 3.2.1.8), split terminal fructose units from the non-reducing end of the inulin molecule to liberate fructose [3] . Inulinases can be found in microorganisms as filamentous fungi, yeasts and bacteria. Among fungi, some well-known sources of these enzymes include Aspergillus niger, Aspergillus ficuum, Aspergillus tamarii, and Chrysospo [8] . Among yeasts, the best-known producers are Kluyveromyce smarxianus, Debaryomyces cantarellii, Candida kefyr and Pichiapolymorpha [14] . Inulinases have been found in several bacteria such as Bacillus sp. [22] and Pseudomonas sp. [13] . Inulinases of filamentous fungi are used to optimize the process of hydrolysis of the inulin related to food industries for the production of alcohol, acetone and butanol [14] .
Several methods have been published for the purification of inulinase using ion-exchange chromatography [10] , high-performance liquid chromatography [27] , and gas chromatography [12] .
The aim of the present study is to search for high quality and inexpensive source for isolation of inulinase from different selected fungal species and to study the different optimum conditions for the enzyme production. Partially purification of inulinase from the highest producing fungi was also carried out.
Materials and methods

Isolation and screening of inulinases producing fungi
The target fungal species were trapped from the air spora in the garden of Botany Department, Faculty of Science, Tanta University at different seasons. This could be achieved using the exposure plate method in which plate cultures were exposed to air for a certain period. Fungi were identified by the Microbiology division, Botany Department, Faculty of Science, Tanta University.
The medium used for the isolation of inulin degrading fungi from air was modified Czapek's agar medium in which inulin replaced sucrose. Constituents of the medium were (g/l): 10 g inulin, 2 g sodium nitrate, 1g potassium dihydrogen phosphate, 0.5 g MgSO 4 , 0.5 g KCl, and 20 g agar.
The medium was supplemented by rose-bengal at the rate of 1/10,000 g/l as a bacteriostatic agent. The medium was autoclaved, and sterile Petri-dishes were used to prepare the plate cultures. After solidification of these cultures they were exposed to air for half an hour. Plates were incubated at 30°C for 5-10 days until obvious colonies appeared.
Screening of inulinases activity
The selected fungal species were inoculated separately into 250-ml flasks containing 50 ml of the modified Czapek's liquid medium containing 1% inulin. Flasks were incubated at 30°C for 5-10 days. The cultures were withdrawn periodically and analyzed for activities of inulinases [25] .
Biomass determination
The fungal mass was collected by filtration (Whatman paper No. 1) of the liquid culture medium. The culture biomass was washed by saline and dried in the oven at 40°C. The mycelial biomass was weighted after and before oven drying [25] .
Preparation of the crude extract of the investigated fungi
After the filtration of the culture medium, the supernatant was pooled and designated as crude extract.
Inulinase assay
Inulinase activity was carried out spectrophotometrically. The reaction mixture in 1 ml contained suitable amount of enzyme solution (2-4 units) and 0.8 ml of 2% (W/V) inulin dissolved in 0.05 M sodium acetate buffer (pH 5.5) for 60 min at 37°C then 2 ml dinitrosalysilic acid reagent (DNS reagent) was added to the mixture; the mixture was boiled for 10 min after cooling absorbance was measured at 540 nm. One enzyme unit was defined as the amount of enzyme that liberate 1 lmol of fructose from inulin per min under standard assay conditions [30] .
Determination of change in Specific viscosity
Viscosity assay was done in an Ostwald viscometer containing reaction mixture in 1 ml: 2 units of enzyme and 0.8 ml of 2% inulin. Measurement was made at room temperature in a glass tube viscometer. Viscosity was determined at 10, 20, 30, 40, 50 and 60 min by decreasing the viscosity of inulin [7] .
Protein determination
Protein was determined either by measuring the absorbance at 280 nm Warburg and Christian [28] or by the method of Bradford [1] using bovine serum albumin as a standard.
Effect of different factors on enzyme activity
Several factors affecting enzyme production were investigated. The experiments were carried out in triplicates for each experimental run.
Incubation period
Samples of cell free broth were taken daily up to 12 days to determine the activity of inulinase.
Incubation temperature
Cultures were incubated at different temperatures ranging from 28 to 50°C. Inulinase activity was measured after 6 days.
Carbon source
In a set of flasks inulin from the basal medium was replaced separately by glucose, sucrose, and fructose. In another set inulin was examined with another carbon source as follows: inulin with glucose, inulin with sucrose and inulin with fructose to the basal medium at the level of 1%.
Nitrogen source
Using the liquid basal medium sodium nitrate was replaced by sodium nitrite, ammonium sulfate, peptone, and ammonium chloride; casein and urea were separately added to the basal medium at the level of 0.2%.
Metal Ions
The effect of different metal ions was investigated by adding 2 mM of different metal ions MnCl 2 , CoCl 2 , CaCl 2 , BaCl 2 , MgCl 2 , HgCl 2 and FeCl 3 of the selected medium.
Partial purification of inulinase from Ulocladium atrum inulinase
Unless otherwise stated all steps were performed at 4-7°C using 50 mM acetate buffer, and pH 5.5.
Ammonium sulfate precipitation
The crude extract was precipitated by using 80% saturated ammonium sulfate. The solution was centrifuged at 6000 rpm for 15 min. at 4°C and supernatant was discarded. The formed precipitate was re-suspended in a small volume of 50 mM sodium acetate buffer, (pH 5.5).The excess salt bound to the protein after the ammonium sulfate precipitation was removed by dialyzing the protein against 0.05 M sodium phosphate buffer, (pH 7.0).
Chromatography on DEAE-cellulose
The previously prepared dialyzed ammonium sulfate was submitted to anionic exchange chromatography DEAE-cellulose column (7 · 2 cm i.d.) previously equilibrated with 0.05 M sodium phosphate buffer, pH 7.0. The exchange materials were eluted with stepwise gradient concentrations of NaCl ranged from 0.0 to o.5 M prepared in the same buffer at a flow rate of 36 ml/h and collected in 3 ml fractions. The fractions showing inulinase (IN) activities were pooled in four peaks according to elution order.
Chromatography on CM-cellulose
The non-adsorbed DEAE-cellulose protein fraction was concentrated by 80% ammonium sulfate and dialyzed on 0.05 M acetate buffer pH 5.5. The dialyzed fraction was analyzed on CM-cellulose column (9 · 2 cm i.d.). The exchange materials were eluted with stepwise gradient concentrations of NaCl ranged from 0.0 to o.5 M prepared in the same buffer at a flow rate of 36 ml/h and collected in 3 ml fractions. The fractions that exhibited IN activities were pooled in four peaks according to the elution order.
Results and discussion
In the present study, inulinase enzyme was screened in eight species of different fungi in supernatant as extracellular and in pellet as intracellular (Table 1) . Our results indicated that, the highest activity level of inulinase was recorded in the supernatant of extracellular U. atrum (34.4 U/ml) with specific activity of 731.9 U/mg protein. Among fungi the best results are given by A. niger (75 U/ml) and A. niger A42 (4600 U/g); some mutant strains of yeasts such as Kluyveromyces marxianus var. marxianus, CBS 6556 and Candida pseudotropicalis, IP513 are very interesting, exhibiting yields in range 3000 U/ml. Bacteria do not show an inulinase yield comparable to that of filamentous fungi and yeasts [17] .
Sharma et al. [22] reported that the carbon source has been estimated as a major cost factor in enzyme production. In the present work the effect of carbon sources on inulinase production by U. atrum has been studied ( Table 2 ). Inulinase was produced by different sources used but these sources reduced the enzyme biosynthesis. This means that this enzyme is constitutive in nature and induced with its substrates. These results are in harmony with data obtained by Xiao et al. [29] , Saber and El-Naggar [21] .
In order to determine the optimum concentration of the best carbon source for inulinase production from U. atrum, different concentrations of inulin were incorporated in the medium (Fig. 1a) . The results indicated that inulinase was produced at all concentrations of inulin used and a progressive increase in the production was observed with the increase in inulin concentrations up to 1% after which decline in enzyme production. This means that the lower concentrations enhanced the enzyme productivity but higher concentrations repressed it, in this concept it has been well established that higher substrate concentration can lead to catabolic repression, consequently lowering the enzyme production [11] . All the tested nitrogen sources induced relatively moderate levels of U. atrum inulinase except sodium nitrate which represented the most effective nitrogen source for high productivity of inulinase (36.58 U/ml) ( Table 3 ). So sodium nitrate was a good nitrogen source, although urea inhibited the synthesis of inulinase completely. Rosemeire et al. [19] showed that the best nitrogen source for inulinase production from Penicillium janczewskii was sodium nitrate. On the other hand, this study showed that urea inhibited the production of inulinase of U. atrum.
Inulinase synthesis was growth-associated and reached to the maximum activity (36 U/ml) after 6 days; however, the decline in enzyme activity after 6 days was observed (Fig. 1  b) . The decline of enzyme activity may be due to the secretion of proteolytic enzymes which are known to cause denaturation of inulinase [9] . This may also be attributed to decrease in nutrient availability in the medium at the end of cultivation process [16] . The present results were similar to the results reported for Chrysosporium pannarum by Xiao et al. [29] . Whereas, the time course reported for a maximum production of inulinae was obtained after 6 days. Our results showed different to the results of Parekh and Margaritis [18] . Whereas, atrum. The selected fungal species were inoculated separately into 250-ml flasks containing 50 ml of the modified Czapek's liquid medium. The cultures were withdrawn periodically and analyzed for activities of inulinases. Experiment was carried out three times with ±SE. the time course reported for a maximum production of inulinase by Penicillium sp. was obtained after 72 h [5] . As well as, a maximum inulinase was obtained after 60 h by shaking growth of A. niger [20] . The effect of metal ions on inulinase production by U. atrum was studied ( The effect of different temperatures (28-50°C) on the inulinases production of U. atrum was investigated (Fig. 1 c) . Maximum activity for U. atrum inulinase activity was reached at 36°C. These results were similar to the results recorded for Alternaria alternate, but different from the results illustrated for A. niger and Trichoderma harzinum; for which maximum activity of the enzyme was reached at a temperature of 25°C for all [6] .
The action mode of the enzyme (exo or endo inulinase) was determined by using viscometric assays compared with the amount of inulin degradation (Fig 2) . The action mode of enzyme inulinase was determined by using viscometric assay. The % of inulin degradation was faster than the % of decreasing viscosity. This indicated an exo action [7] .
U. atrum exo-inulinase was partially purified by simple methods. The results show a brief account for the partial purification scheme in Table 5 . The method involved 80% ammonium sulfate precipitation which helped to improve exoinulinase purification and concentrate the crude extract, ion exchange chromatography on DEAE-cellulose and CM-cellulose. The chromatography of exo-inulinase dialyzed ammonium sulfate was applied on DEAE-cellulose and resolved the enzyme into three active forms, designated INI, INII and INIII (Fig 3) . Three forms of exoinulinase were detected on P. janczewskii [19] . (Fig. 4) . Chen et al. [2] purified three exoinulinases (Exo-I, Exo-II, and Exo-III) and two endoinulinases (Endo-I and Endo-II) from the culture broth of A. ficuum JNSP5-06 by ammonium sulfate precipitation, DEAE-cellulose column chromatography, Sepharose CL-6B column chromatography. Extracellular inulinase was purified from A. niger by ion exchange chromatography on DEAE Sepharose with specific activity 750 U/mg protein [26] .
In conclusion, high production of extracellular inulinase will be observed when cultivated on medium containing 1% inulin and 0.2% sodium nitrate as nitrogen source at 30°C for 6 days. Preparation purified inulinase from U. Atrum could be used as industrial production of inulooligosaccharides with specific activity 1877. Figure 3 A typical elution profile for the ion exchange chromatography of U. atrum inulinase ammonium sulfate precipitation on DEAE cellulose column (7 · 2 cm i.d.) previously equilibrated with 0.05 M sodium phosphate buffer, pH 7 at a flow rate of 3 ml/ 5 min, absorbance at 280 nm for protein , asparagenase activity . Figure 4 A typical elution profile for the ion exchange chromatography of U. atrum inulinase ammonium sulfate precipitation on CM cellulose column (9 · 2 cm i.d.) previously equilibrated with 0.05 M sodium acetate buffer, pH 5.5 at a flow rate of 3 ml/5 min, absorbance at 280 nm for protein , asparagenase activity .
